Dynamic gene expression in neurons shapes fundamental processes of the nervous systems of 16 animals. But how different stimuli that activate the same neuron can lead to distinct 17 transcriptional responses remains unclear. We have been studying how microbial metabolites 18 modulate gene expression in chemosensory neurons of Caenorhabditis elegans. Considering the 19 diverse environmental stimuli that can activate chemosensory neurons of C. elegans, we have 20 sought to understand how specific transcriptional responses can be generated in these neurons in 21 response to distinct cues. We have focused on the mechanism of rapid (<6 min) and selective 22 transcriptional induction of daf-7, a gene encoding a TGF-β ligand that promotes bacterial lawn 23 avoidance, in the ASJ chemosensory neurons in response to the pathogenic bacterium 24 Pseudomonas aeruginosa. Here, we define the involvement of two distinct cyclic GMP (cGMP)-25 dependent pathways that are required for daf-7 expression in the ASJ neuron pair in response to 26 P. aeruginosa. We show that a calcium-independent pathway dependent on the cGMP-dependent 27 protein kinase G (PKG) EGL-4, and a canonical calcium-dependent signaling pathway 28 dependent on the activity of a cyclic nucleotide-gated channel subunit CNG-2, function in 29 parallel to activate rapid, selective transcription of daf-7 in response to P. aeruginosa 30 metabolites. Our data suggest a requirement for PKG in promoting the fast, selective early 31 transcription of neuronal genes in shaping responses to distinct microbial stimuli in a pair of 32 chemosensory neurons of C. elegans. 33 34 3 35 Author Summary 36
stimuli.
Introduction of CNG-2 that converges on CRH-1 to activate daf-7 expression in response to phenazine-1carboxamide.
143 144 cGMP-dependent signal transduction activates daf-7 expression in the ASJ neurons 145 The requirements for components of a cyclic nucleotide-gated channel, CNG-2/TAX-2/TAX-4, 146 and DAF-11, a guanylate cyclase, in the induction of Pdaf-7::gfp expression in response to P. 147 aeruginosa metabolites suggested the involvement of cGMP-dependent signaling. We 148 demonstrated that mutations in the gcy-12 gene, encoding another guanylate cyclase subunit, also 149 caused markedly reduced Pdaf-7::gfp expression in the ASJ neurons in response to P. 150 aeruginosa, but did not abolish Pdaf-7::gfp expression in the ASI neuron pair as was observed 151 for the daf-11 mutant (Figure 2A and data not shown). In addition, we observed that expression 152 of the gcy-12 cDNA specifically in the ASJ neurons rescued the induction of Pdaf-7::gfp 153 expression in the ASJ neurons in response to P. aeruginosa (Figure 2A ).
155
In order to investigate further the involvement of cGMP-dependent signaling in the induction of 156 daf-7 expression in the ASJ neurons, we examined the four C. elegans genes encoding 157 phosphodiesterases (PDEs) that are predicted to cleave cGMP: PDE-1, PDE-2, PDE-3, and PDE- Figure 2B ), suggestive that the PDEs function redundantly in the ASJ neurons. We also 162 examined the effect of addition of a cell-permeable, non-hydrolysable analog of cGMP, pCPT-cGMP, to wild-type animals in the absence of P. aeruginosa, and we observed the marked 164 induction of expression of daf-7 in the ASJ neurons ( Figure 2C ). 
Material and Methods
For experiments quantifying the level of Pdaf-7::gfp on the Pseudomonas aeruginosa strain PA14, bacteria was strains with calcium indicators, amplified trx-1 promoter was fused with GCaMP5G to express the indicator in ASJ 347 neurons only.
348
Calcium imaging
349
The animals were immobilized and exposed to soluble compound in a controlled manner using a microfluidics chip 350 as previously described (38) . Imaging was carried out at 40x with a Zeiss Axiovert S100 inverted microscope 351 equipped with an Andor iXon EMCCD camera. Stimulus was given at noted concentrations. Phenazine-1- and was originally maintained on a balancer. However, cng-2(tm4267) is viable, as we were able 475 to backcross away the linked lethal mutation.
